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(51) Into. 6 
H 0 1 L 21/3065 
21/31 

H0 5H 1/46 




(2) 

1 

±*£ unefcx y ? > ^gg \z%.m&mmi 

SiI££ft®tT£Fy<Xy?>^£. 
[St#3I2] «rBXy?>if • tf*#S#?nK:0UR- 

H&Ji 1 IE«© F 5-f Xy 10 

[»#9i5] fjfBx.y^>ycois^ < msmttm 

BS^HWC-eoBJS^ttXy^vyr-S^-vX NX 

3 c t &#fSfrsw*« 1 ^^u»*JK4<7)n-rn^ 

1 ^HctB*© H 9 -f X y ^ 

[»*«6] Xy5 L >^.5 L -V>A'©rte?{C'J>^<t 
>WlO u ^t>/cm ! £t±R)^7XYi»ftl-r 

5 c t ic<k 0 K«§jj£t8**©&iw> s y^xv* \zm%i& 
ft $ <fc -5 left ^ nzt f x y 5 1 > ^sn. 
[%0j©paaftia^3 .30 

*F7-fxy^>^s*«t^setcHb. ®\z&mu 

*«»Uft««6TBV^ hS*Xy^>i^r«affit 
[0 0 0 2] 

[&*©&«] ifi^O^WMSBOxtf-f > • )V-)V(0 

M©i#A\ 7* hU7^7 7^C:fcW-£gft&g©$li& 
AflS*£#K arnVVT. h • 7*D-feX©aUBtt!frg^ 4(7 

^fttxotao^^s. CW^JfU-vXh • 7*n-fe 

x hat. K«?#s^fiS;-r-S)tc+»fts^±Mi^^x 

hJI©'>ft< tfc2«&©l^XhJf i£if&*£*3-tt:T 

[0 0 0 3] &<9ae>tlttmtLT\t. J. Vac. 
S c i . Tech. . 1_6, P. 1620 (197 9) 

izm&2ntc3mi'i?xh • T'n-fexat&.s. ma. 
^x) (sio. ) mttm*?}i3.zm so 



W7-74147 

2 

i:/t^-->y$n2.»^±ii/-^x mi ©3afi©/f 

*U SSfce©*fflg£vx?«>:LTTBl^Xhga< 
Ky-fXyy^^sn*. 

[0 0 0 4] tJ15T> ±j£©TJll^X hSWHy'f 

£©Xy^>yt88t©#g«> O" (tt«7^JP) 
.fcSk^XNtf^^&Sire&g, **^75«lCiiff 

-r5fc©-c<&*. /^->©»rffij§m©#fl;£ 
tfi±-fZ1ttb\z, l*y\Mx.*)V*—*%>Z>U8M#> 

tfOfc/t-f 7X •/^-£V>-D&&#'FC>f :*>©¥!% 

a fcfrSfc a B/i-f7x«ftVd, *£ftA 

StX^JW^- S*f *>K«t * X/1 y ?£Jfc©3f# 

[0 0 0 5] **5I»yf : >^*fr©Sffl 
*«> jg^ei^Xh • yP-trXO^fflftSrjtS^JRH 
tfcftoW5. ens, t-A-iy?>^l:T« 
© X /1 y SOttftW * - >«B U T V 

&IgtC43tt3^©RS£a*B^<tft-5frST;& 

a^H«a-e-»«^ (1 9 8 6 ftStiMR* 
P. 5 4 2, SIS§2p-Q-8-eSISn5Al 

CCflStfcS lOr jVIHnBlMK>W (fX/X^y) - 

tfu-iM FSH«6»«^«rfe*t^ hoss^ojsi^ftfsi 

[0 0 0 6] 

[^w*w^ix«t5fr^ss] ±ai©«t'5ftx/ty^ 
s#»*aiwr2>(x«A*f'r^> • x*;v*-<z>te«at 

•rsswtLTfi, wmGm&mm-rzztizi:*), a 

lt-f • x^;^-*^Wftxy?>^jgs*tift 

Cla , HBrf©ADy>M^iO: t©^ 
^X*^^. SiS*)««»T&5CC 1 , #UV— , CB 
r, i$W—%f&/1?->M&W\zmmZ J tiZ> F7-f X 
y^>^fefff«^-©-^T*S. 
[0 0 0 7] ±!3©Fy'fXy5 1 >^*fe[i, H>HWft 

(1 9 9 3^#^¥^f) SfS^IS^p. 
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(3) 

3 

5 7 8, JSa#^3 0 a-ZE-8twtt. *UJ'U3> 
Xy^-yff\,1t^\Z. C, O, Si, B r £J8j5£7Ci£ 

a^snsfc®, xy^>x»7&t;:o 2 x^xv&g 
[0008] *z-?*mmt. &is-c£sn®*-r-5 

© fc * © h 5 x v ? y vm. m £ m. m ? z> z\ t £ a w 

[0 0 0 9] 

[H® fc«>©^St] ^WtStt, «X@tC 

[0 0 10] *5£^roH7-fxy^>^ftl±» ±j£© 
Ml O'WtVcm 1 «±©X5X7££j£pJ(iftX 

*-7X^tLTx^^>^-r^>fe©Tab^. 
[0 0 11] £JIT. iiiMfcgX^XTite, fi£*Si©X 
5X7 iCJt^T*? £ #XSC? ©«35lHl^<&ii-^-r^:«> 

©ft e> ^©x^&s nx X5 Xv© C £ X* 5. 
«E*M©75X7tta, 2ti:^«¥ff¥««gKJCRF 

-f 9 DSSft^LT^ £ nMWtact £ tie J: 0 

i&fisns&oxa&s. tntw^u, ifif&gx^XT 

>8i*£3Jj£;L;/S:&©T<&£. 

[0 0 12] 1 0'Wt>/cm' fiLhCD-f ^> 

SS*#-r-5X7XvcDS#09i:UTtt, ECRX^X 
V, ^.'Jn^iiJcX^Xv, ICP (Inductive 

lyCoupled Plasma) » TCP (Tra 
nsformer Coupled Plasma). 



#H¥7 -7 4 14 7 
[0 0 1 3] ±££ft*ft*mtt£ftS*fiN£&& Xy 

fe. «»©«&©fc£^s»j4Kftii&;*nxfc, 
fc & * v> ttssccoaa^b^fe^ ^ aa l r«^$ nx 

5ft^»©Wiim CO . CO 

3 (x®^jg) . c 6 o 2 (x^bs^^) , cos 

[0 0 14] &&<Dti1ffimm<DX.y?>if • # 

[0 0 15] — «k:H5'fXyf l >^K*V»T 

fc^-n-Xy^^Br?***^, Xn-feXJi©X 

5 XT* fc*»*«*3WMMfc©4riyt*KJ&* c 1 1> 
[0 0 16] &SV>«, Xy?>X • 2fXffl)£±©X5fe 
*%MLTh&<* fciA«t9^©j:5a:K««X7X 

^•©^^^ft@ttT«, S i C (->'J3>- #-/\' 

[0017] xv^>if- r^yrtonwrnim 

5>X, ^i/\-*A-§£f(f5:tTO5. WIC 
[0 0 18] 

x«<©tt. o- ic^^ns^isi^etea-eafeD, ci 
nicfc 0 7 * h u^x h tcftgsn^#«{«!isn*©c 
(is?*) jstb, *©±o*«s«isis*ig;:-r= 
c + xO - co. t 

>/cm» ^ST©fi^S©X7XTtpTJtfr-r-5«-& 

mzw&-rzmm&mnffi\zmr>T : ?* >/w^&&t< 

tlS. L^b. 'ft>W«10 , Wt>/cm 1 



-329- 



5 

VJ: 9 • >J y=f- (c a r b on - r i c h) 

COO 1 9] U#t>. C©ft**MMlftttT*Bimj|£: 

Mlc&^-r* 5 ©T, Y-i-^nn-f^^ 

[0020] *ftm-vmm~*jmfc3iv7>if • %xth 

•J4*#fcJ:oTt4Xy^>irSJt:*OC/OJt (CJS 
TSt4*n«>*5. £©<fc5ft:©£-lC02 s&assin 

[0 0 2 1] CtlfcttXIC. Xy?>? 

5. a**flA«W*»3*ifcxy^>iffijS*rt-e 

#*©K*M»£x*jV^-*JfctH-*i:, C-Nte-S 
(7 7 0 k J/mo 1) ©#*tC-Oil8£- (1 0 7 7 k 
J/mol) ±Dfc/h£<. ffftHBLftU£#A.&n 

[0 0 2 2] *6t. *-/t-X5^>arR»T«3|i* 
©*«S*5rrntf. xyy>£rattH:£d>?&"6*&© 

©. A>fftft*tttaiRtt«(»»«sn«. u*»t>, -en 
attos?* x hxy^^yaiwcjajt**^*©** 

aflETTJtff-r*. h-*;l<©Xy5 1 >ifl$ 
[0 0 2 3] &<&HttA— H">iAlOI*tI/T, X 



(4) 4$l¥7-74 147 

©S^±©l*JcJ;6^<i:t)> C/OJtftMfrf 
[0 0 24] 

[0 0 2 5] gjg|gll 

*«W*SRAM©fcfyH»||QI?£fr5& 
6©3Bl/j?7 h • Xa-fcXfciSffiU CO#X©EC 
R (*ftf-f ?DhD Ml: «fc 0 1 

0"-ft>/cm ! ^ffl-ft^SStt^ECR^ 
Xv£fiJfl?t,T2Jf Btf'JIH' HBgJ:©TS^v ? XMl 
*Xy?>ifLfc«|T**. £©XcHrx£, 01£# 

[0 0 2 6] *-f. Ivf^-^^il/TlUfc 
20 >JzA4BIl (a) fc^f. ^©^xAlC&^T, ^86 

<j3>Sfiili:SiO ! #Sfc*y--l»Kfcll«H, 

W*. ^©y-hSffi5«, TJMOMMS'U ^ >JS 
3t±affl<5WS 1. &>&X7>- 5"JU"f F) Jf 

ffittfci*.«CVDfc<tDS lOa 

iOMsn&siO! ^M«si@i)g6Jc«a$nT*j 

50 -5. C02HB*U*-f FK9tt, TBfiJ©^«SSx'J 
3>S7 i±J§«©WS i. JB8 t*««W*nT3&:St> 

[0 0 2 7] SSfc, £©2JiB#<JiM FR9£A* 

-=.>if?zrcsb\z, ftr9x/\o*mui€isiaux 

nr. ±flBT*V5?X Mil OS. H(tl/Ty#95( 
40 OFPR-80 0) £fflV>T*#Lfc. £©£*, y- 

0 (imtl/t, 

[0 0 2 8] ±fCSOG<f»fflJIl lfi, -WtLTSO 
G (^SiJiS^XllttK ; ffi.S4£OCD-Ty p e 2) 

h • /^-> 1 2tt, -M&LTftlUmiJKO^as 
SEdl'^h (^yi^-aSS;^fi«SAL-6 0 1) 
*fflV»TJPS»0. S»m®|Rt»ritlitK, KrF 



—330— 



(5) 
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[0 0 2 9] ±Mi©±Jf Pv>X h • /1*->1 2 

*-?X>7 tLTSOCPmmi 1 SZyf X 

>df*frtt-«i LTTlE©,k 5 fCgJSSLfc. 
CHFa iiftfi 7 5 SCCM 
Oz S5fi 8 SCCM 

#XJE 6. 5Pa (=5 0mTorr) 

RFA*7- 7 0 0W (13. 56MHz) 
£©X-/^>^tC«fcO, 01 (b) (c^$n-5«t5»cs 
OGtHS/t^->l 1 a^MStlfc. 
[0 0 3 0] C<757xAS:RFm7XH15n^!CD#Bt« 
v-f i7P&^7Xv • xy^^&fiotfxAftBSa 

COSES 2 0 SCCM 

#XJE 0. 2 7 Pa 

T>f?n«kK»7— 9 0 0 W (2. 45GH 
z) 

RFAW7X • A"7- 5 0 W (8 0 0 kHz) 

•>xA*B««B« -5 0 t: 

t-A-I»yf>i/ 10 0 % 

[0031] ^rox>y^>^iae-e«, cotf>sfl?8i± 

J&LfcO' , O* ^ro^f-J;0Xy5 L >^jtfT-r 
S„ *©-^T. nC<CO*»S£*LfcC, fcitfX 

£Qfomxmm®)&£.i$.2ti. hi (c) t*asn*j: 

5fcfl«M#S)Sll 3#/t*->««lii±lcaWsA<*« 
Lfc. £©&m, ifc*fcM®AW7X&#TT*5fc:&ri> 

lOaAtjg^^nfc. C©<S/t-f 7XfctC«t«3-f 

1 0 0%lCfcR^:*-A*-Xy3 1 >^£fTofc&T 
t>. TiOTSi. »8fcE&#TS«#*«»K^&S 

[0 0 3 2] Xy^>^S^*CSi5ttCDKVJ 

[0 0 3 3] d©&. IOTSl/^h-/^->10 

U x^?>^ifi|7«^SOGtfM©A^->l 1 a* 
R I EtC<fct)Rfc*U 3^tCffi#©7-y->>^SffoT 
TBl^X h • A*->1 0 a*^*Ufco Jbg2flWg« 
SBIi3Ki> z<DTvi/>?®lz\aim\zf&£2n, <7x 

[0 0 3 4] $mw2 
/COSig£#X£ffl^TfTK ^^©tfXOB'&Jt 



•yhU -ea<hUTTS2<o*frTTBV^Xh@l 0* 

hXy^^Lft. 
[0 0 3 5] 

mm 1 0 sccm 

COSSSS 10 SCCM 

tfXE 0.2 7 Pa 

V-IZumrtV- 9 0 0 W (2. 4 5GH 
10 z) 

RFA-f 77 • A"7— 50 W (800kHz) 

'JiAiitiSI -5 0 *C 
HCDg!«<DXy5 1 >^«M8«, 3t*WfcR«*« 1 T± 

mvttt&Ki-c&z. fttzb. mmmmi 3©«^ 

»tlTtt COS*»6«Wi*jSUfcS (f *7) 

[0 0 3 6] *C -WtbTTEO*#T?*-/t-X 

COSSS 5 SCCM 

20 COSKS 15 SCCM 

#XflE 0. 2 7 Pa 

■7-f?DSEA7- 9 0 0 W (2. 45GH 
z) 

RFAW7X • A7— 25 W (800 kHz) 

9xAttB*fffift - 5 0 *C 

-oaisgT«, COStfXCiSfiJtS^XhXs/^ 

-X>^5 1 >^Tt). h • A*-> 10 a© 

30 u ^-3T«wittftw±s* 

[00 37] §fe8Sff!|3 



*^SS^JTtt. ^©TlU-v'Xh 'Iyf>^, I 
CPXy^i'SB.hCO* /n 2 «-&#x*ffl^Tfr 
ofc. ST, X-y^>^ • 7*D-feX©Sfc9§£fT Affile, 
±EI CPX^5 1 >^B©*fi!tl30ViT, E!2£#JI8 

[0038] rtogfiit ntsje©x«y^>;y • ^-V> 

A*2 6, Z.<n3-v=5->9 ^^^A'2 6©55#B5*«fiE 
40 U rtJ85fc-*2 2£;frf*i&*fi-©g#2 1, £©g 
#2 1 »C-W(2$nfc±SB«ffi2 3. ±f2X-y5 1 >^ • 
^V>A*2 6©<WgM±«BS«^-r-5H^2 4. r© 
53I&2 4&m®T2>##MWlV>7>Ti-2 5, £©7 
>^±2 5frRF/1>7-*#t*&-rSRFttaS2 7, ±iD 
lyf^ • 9"t>K2 6©rt«S^A^|6](C^aS 

^•rsfc*fc::n<&^©^^iK'vS«i-r*^?i 

3 4, Xy^>if ■ ft>^2 6^^B^iaj^e.X 

-rs^xetsses 0, ±g^S2 s k:afrtiBBanT« 

50 iIOtlS*ia5^iA • 7r-v2 8. £©7xA 
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■ 7,7— i? 2 8 ±\Z<7 lAWSltt Z>fctb<D7 JlS-j- 
K©£5>X2 9; ±E£xA ■ ^r-y2 8lC-f>kf 

S&-&$*l5RF«^3 3> l 5iA-Xf->'2 8©rt 

tc±D?xAW£#3rr£&»©}ftS3iiE'g3 i^£±& 

[0 0 3 9] CO*^IC*5^T, RF«S2 7^^7> 

[0 0 4 0] I CPlyf >^8S&1K — W 

ft. 

COz SJEfi 1 0 SCCM 

N 2 MS 2 0 SCCM 

#XJE 0. 4 Pa 

7>xXtb:ft 2 5 0 0 W (2. 2 MH 
z> 

RF/H 77. • A"9- 2 0 0 W(2. 0 MH 
z) 

^ia • x-x— s^a* - 5 0 "C 

±&*ffii&Jg 2 5 0 *c 

:t-A'-X>;/^>X 10 0 96 

N, tC**UT^-r«)C-N)|S^£^0S^J5K«J^ 

XV P ©*g#f&©£MMlTffl t>&EC R ^7X-7<fc D 
fciSK, S»«©5t**tB5^;it, ±fiB«®©ijn&K:J; 

TV»*Ct*«Daaicj:r}. &«**««&©£/£*#« 

t>, TJf Uv>*h • W-y\ 0 a©ffinfe?SMKS;fr£ 

[0041] -m&mA 

fc^5Xv*icc^&«j&-r^rtjc s fc?)> ^usai* 

tt, *K«3-C±JfiUfc I CPlyf>ygf(!)^7> 
X2 9 ©«&#&£. 7Mt*^SiC (->U3>- 

[0 0 4 2] I^f>^ft©-MSKTI:St. 
COi JSS 2 0 SCCM 

#XEE 0. 4 Pa 

7>r:Hti;*J 2 5 0 0 W (2. 2 MH 

z) 



z) 

£xA • 7,7— VMM 



2 0 0 W (2. 0 MH 



-5 0 
2 5 0 
1 0 0 



[0 0 4 3] C©Xy?>^jfgTBU ^7>72 9® 

gtm^sfcCj&##«j&$nsr£Kj;9> 

tfSfttMl 3 £ teHfc SCO* ©Jji2itfaj£Tifc-5 \Z 
[0 0 4 4] *^Sr4WOHJSW!Ctxi:^^T 

[0 0 4 5] 

x^^^^T^Ct^ili^So l^fc, Aay>S 

[0046] mz, *&wamm\z£K)3mi'pxh ■ 

Xn-feT, StUfflM&Xn-fcT. t lt£«-css**h;. 

[HMoflSm^iftW] 
.30 [01] ^ISSSRAMffl^ h«Uniffl©W^h 

• rt*->wmmzmmi>iz-7'a±7,M& j £<z>xmm\z 
Liti)^x^rm^mmmr$>D, (a) «2gg# 

•JIM FK±KTJBW*Mi. SOG«ffflI, ±SV- 
^Xh-M- $ nfcttffi. ( b ) tt±B 
-/^->S:YX^tlTSOGtWtI>y 

^>x$nfc«sg. (c> te$kmxmmmz&2>wm& 

[02] *58WS»fflUfcI CPX^>XgsH©#tfi!c 
[^OSJM] 



50 



9 


• • 2JBB#Utf-f HIS 


1 0 • 


• • TBI'S?* hB 


10a- 


• • TJH"5>* h • r\9—> 


11a- 


• • SOG*ra*A^-> 


1 2 • 


• -±eu-v?xh - a^-> 


1 3 • 




2 3 - 




2 4 • 




2 5 • 


• • 7>77~ 
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(5D mt. ci. 6 m\mn ff^mmm^ fi mm&mmn 

H 0 1 L 21/31 C 
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